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Abstract
We study the exclusive b → uℓ−νℓ (ℓ = τ, µ, e) decays in the MSSM with and without
R-parity violation. From the experimental measurements of branching ratios B(B−u →
τ−ντ ), B(B−u → M ′0ℓ′−νℓ′) and B(B0d → M ′+ℓ′−νℓ′) (ℓ′ = µ, e, M ′ = π, ρ), we derive
new upper bounds on the relevant new physics parameters within the decays. Using
the constrained new physics parameter spaces, we predict the charged Higgs effects and
the R-parity violating effects on the branching ratios, the normalized forward-backward
asymmetries of charged leptons, and the ratios of longitudinal to transverse polarization
of the vector mesons, which have not been measured or have not been well measured yet.
We find that the charged Higgs effects and the R-parity violating effects could be large
and measurable in some cases. Our results could be used to probe new physics effects in
the leptonic decays as well as the semileptonic decays, and will correlate with searches for
direct supersymmetric signals in future experiments.
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1 Introduction
The rare B decays have received a lot of attention, since they are very promising for investigating
the standard model (SM) and searching for new physics (NP) beyond it. Among these B decays,
the rare semileptonic ones have played a central role for a long time, since the most precise
measurements of the CKM matrix elements |Vub| and |Vcb| are based on the semileptonic decays
b→ uℓ−νℓ and b→ cℓ−νℓ, respectively. These decays can also be very useful to test the various
NP scenarios like the two Higgs doublet models [1], the minimal supersymmetric standard
model (MSSM) [2, 3], and etc.
It is known that the charged Higgs boson exists in any models with two or more Higgs
doublets, such as the MSSM which contains two Higgs doublets Hu and Hd coupling to up
and down type quarks, respectively. The charged Higgs sectors of all these models may be
characterized by the ratio of the two Higgs vacuum expectation values, tanβ, and the mass of
the charged Higgs, mH . Large tan β regime of both supersymmetric and nonsupersymmetric
models has a few interesting signatures in B physics (for instance, see Refs. [4, 5, 6, 7, 8, 9, 10,
11, 12] and references therein). One of the most clear ones is the suppression of B(B−u → τ−ντ )
with respect to its SM expectation [12]. In the MSSM, the charged Higgs contributions to the
exclusive b → uℓ−νℓ decays, including B−u → τ−ντ decay, come from the b quark transforms
to a u quark emitting a virtual charged Higgs that manifests itself as a lepton-neutrino pair.
In this paper, we will present a correlated analysis of all these exclusive b→ uℓ−νℓ observables
within the large tan β limit of the MSSM.
In the MSSM, one can introduce a discrete symmetry, called R-parity (Rp) [13], to enforce
in a simple way the lepton number (L) and the baryon number (B) conservations. In view of
the important phenomenological differences between supersymmetric models with and without
Rp violation, it is also worth studying the extent to which Rp can be broken. The effects of
SUSY with Rp violation in B meson decays have been extensively investigated, for instance
Refs. [14, 15, 16, 17, 18, 19, 20]. In Ref. [20], the Rp violating (RPV) and lepton flavor
violating coupling effects have been studied in B− → ℓ−νℓ decays. The exclusive b → uℓ−νℓ
decays involve the same set of the RPV coupling products for every generation of leptons. In
this work, still assuming lepton flavor conservation, we will investigate the sensitivity of the
exclusive b→ uℓ−νℓ decays to the RPV coupling contributions in the RPV MSSM, too.
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The paper is organized as follows. In section 2, we introduce the theoretical frame of the
exclusive b→ uℓ−νℓ decays in the MSSM with and without Rp violation in detail. In section 3,
we tabulate all the theoretical inputs. In sections 4 and 5, we deal with the numerical results.
We display the constrained parameter spaces which satisfy all the available experimental data,
and then we use the constrained parameter spaces to predict the NP effects on other quantities,
which have not been measured or have not been well measured yet. Section 6 contains our
summary and conclusion.
2 The exclusive b→ uℓ−νℓ decays in the MSSM with and
without R-parity violation
In supersymmetric extensions of the SM, there are gauge invariant interactions which violate
the B and the L in general. To prevent occurrences of these B and L violating interactions
in supersymmetric extensions of the SM, the additional global symmetry is required. This
requirement leads to the consideration of the so called Rp conservation (RPC).
In the MSSM with RPC, the terms in the effective Hamiltonian relevant for the b→ uℓ−νℓ
decays are
HRpeff(b→ uℓ−νℓ) =
GF√
2
Vub[(uγµ(1− γ5)b)(ℓγµ(1− γ5)νℓ)− Rl(u(1 + γ5)b)(ℓ(1− γ5)νℓ)], (1)
here Rl =
tan2 β
m2
H
mbml
1+ǫ0 tanβ
, parameter ǫ0 is generated at the one loop level (with the main contribu-
tion originating from gluino diagrams). Note that ǫ˜0 of [11] corresponds to ǫ0 in our convention.
The first term in Eq. (1) gives the SM contribution shown in Fig. 1(a), and the second one
gives that of the charged Higgs scalars shown in Fig. 1(b).
b νl
_
u −l
_
−W
( a )
b νl
_
u −l
_
( b )
H −
Figure 1: The decays b → uℓ−νℓ are mediated by a W boson exchange in the SM, and in
extensions of the SM also by a charged Higgs exchange.
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Even though the requirement of RPC makes a theory consistent with present experimen-
tal searches, there is no good theoretical justification for this requirement. Therefore, the
most general models with explicit Rp violation should be also considered. In the most general
superpotential of the MSSM, the RPV superpotential is given by [21]
W6Rp = µiLˆiHˆu +
1
2
λ[ij]kLˆiLˆjEˆ
c
k + λ
′
ijkLˆiQˆjDˆ
c
k +
1
2
λ′′i[jk]Uˆ
c
i Dˆ
c
jDˆ
c
k, (2)
where Lˆ and Qˆ are the SU(2) doublet lepton and quark superfields, respectively, Eˆc, Uˆ c and Dˆc
are the singlet superfields, while i, j and k are generation indices and the superscript c denotes
a charge conjugate field.
From Eq. (2), we can obtain the relevant four fermion effective Hamiltonian for the b →
ujℓ
−
mνℓn processes with RPV couplings due to the squarks and sleptons exchange
Heff (b→ ujℓ−mνℓn) 6Rp = −
∑
i
λ′n3iλ
′∗
mji
8m2
d˜iR
(ujγµ(1− γ5)b)(ℓmγµ(1− γ5)νℓn)
+
∑
i
λinmλ
′∗
ij3
4m2
ℓ˜iL
(uj(1 + γ5)b)(ℓm(1− γ5)νℓn). (3)
The corresponding RPV feynman diagrams for the b→ ujℓ−mνℓn processes are displayed in Fig.
2. Note that the operators in Eq. (3) take the same form as those of the MSSM with RPC
shown in Eq. (1).
Then, we can obtain the total effective Hamiltonian for the b→ uℓ−νℓ processes in the RPV
MSSM
H 6Rpeff (b→ uℓ−νℓ) ≡ Heff (b→ uℓ−νℓ)SM +Heff (b→ uℓ−νℓ) 6Rp
=

GF√
2
Vub −
∑
i
λ′n3iλ
′∗
mji
8m2
d˜iR

 (ujγµ(1− γ5)b)(ℓmγµ(1− γ5)νℓn)
νlnνln
~di
li
~
λn3i
λinmλij3’
bb
lm
*
’
uj
_
uj
_
lm
_
_
−
−
( a ) ( b )
λmji’*
Figure 2: The RPV contributions to the exclusive b → ujℓ−mνℓn decays due to sleptons and
squarks exchange.
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+
∑
i
λinmλ
′∗
ij3
4m2
ℓ˜iL
(uj(1 + γ5)b)(ℓm(1− γ5)νℓn). (4)
Based on the effective Hamiltonian in Eq. (4), we will give the expressions of physical quantities
for the RPV MSSM later in detail. Note that the operators in Eq. (4) have the exactly same
form as those of the MSSM with RPC shown in Eq. (1). For the expressions of the charged
Higgs contributions, we just need let
∑
i
λ′
n3i
λ′∗
mji
8m2
d˜iR
= 0 and replace
∑
i
λinmλ
′∗
ij3
4m2
ℓ˜iL
with −GF√
2
VubRl. In
the following expressions and numerical analysis, we will keep the masses of all three generation
charged leptons, but ignore all neutrino masses.
2.1 The branching ratio for B−u → ℓ−νℓ
B−u → ℓ−νℓ decay amplitude can be obtained in terms of Eq. (4),
M 6Rp (B−u → ℓ−νℓ) = 〈ℓ−νℓ|H 6Rpeff(b→ uℓ−νℓ)|B−〉
=

GF√
2
Vub −
∑
i
λ′n3iλ
′∗
m1i
8m2
d˜iR

 〈0|u¯γµ(1− γ5)b|B−〉ℓmγµ(1− γ5)νℓn
+
∑
i
λinmλ
′∗
i13
4m2
ℓ˜iL
〈0|u¯(1 + γ5)b|B−〉ℓm(1− γ5)νℓn. (5)
After using the definitions of B meson decay constant [22]
〈0|u¯γµγ5b|B−〉 = ifBupBµ, (6)
and 〈0|u¯γ5b|B−〉 = −ifBuµBu with µBu ≡
m2Bu
mb +mu
, (7)
we get the branching ratio for B−u → ℓ−νℓ
B 6Rp (B−u → ℓ−νℓ) =
∣∣∣∣∣∣
GF√
2
Vub −
∑
i
λ′n3iλ
′∗
m1i
8m2
d˜iR
+
∑
i
λinmλ
′∗
i13
4m2
ℓ˜iL
µ
Bu
mℓ
∣∣∣∣∣∣
2
τ
Bu
4π
f 2
Bu
m
Bu
m2ℓ
[
1− m
2
ℓ
m2Bu
]2
. (8)
From the above expression, we note that, unlike the contributions of squark exchange coupling
λ′n3iλ
′∗
m1i and the SM to B(B−u → ℓ−νℓ), slepton exchange coupling λinmλ′∗i13 is not suppressed
by m2ℓ .
2.2 The branching ratio for B(s) → Pℓ−νℓ (P = π,K)
B → Pℓ−νℓ decay amplitude can be written as
M 6Rp (B → Pℓ−νℓ) = 〈Pℓ−νℓ|H 6Rpeff(b→ uℓ−νℓ)|B〉
5
=
GF√
2
Vub −
∑
i
λ′n3iλ
′∗
m1i
8m2
d˜iR

 〈P |u¯γµ(1− γ5)b|B〉ℓmγµ(1− γ5)νℓn
+
∑
i
λinmλ
′∗
i13
4m2
ℓ˜iL
〈P |u¯(1 + γ5)b|B〉ℓm(1− γ5)νℓn. (9)
Using the B → P transition form factors [22]
cP 〈P (p)|u¯γµb|B(pB)〉 = fP+ (s)(p+ pB)µ +
[
fP0 (s)− fP+ (s)
] m2B −m2P
s
qµ, (10)
cP 〈P (p)|u¯b|B(pB)〉 = fP0 (s)
m2B −m2P
mb −mu , (11)
where the factor cP accounts for the flavor content of particles (cP =
√
2 for π0, and cP = 1 for
π−, K−) and s = q2 (q = p
B
− p), the differential branching ratio for B → Pℓ−νℓ is
dB 6Rp (B → Pℓ−νℓ)
ds dcosθ
=
τ
B
√
λP
27π3m3Bc
2
P
(
1− m
2
ℓ
s
)2 [
NP0 +N
P
1 cosθ +N
P
2 cos
2θ
]
, (12)
NP0 =
∣∣∣∣∣∣
GF√
2
Vub −
∑
i
λ′n3iλ
′∗
m1i
8m2
d˜iR
∣∣∣∣∣∣
2 [
fP+ (s)
]2
λP
+
∣∣∣∣∣∣
GF√
2
Vub −
∑
i
λ′n3iλ
′∗
m1i
8m2
d˜iR
+
∑
i
λinmλ
′∗
i13
4m2
ℓ˜iL
s
mℓ(mb −mu)
∣∣∣∣∣∣
2
m2ℓ
[
fP0 (s)
]2 (m2B −m2P )2
s
, (13)
NP1 =


∣∣∣∣∣∣
GF√
2
Vub −
∑
i
λ′n3iλ
′∗
m1i
8m2
d˜iR
∣∣∣∣∣∣
2
+Re



GF√
2
Vub −
∑
i
λ′n3iλ
′∗
m1i
8m2
d˜iR


†∑
i
λinmλ
′∗
i13
4m2
ℓ˜iL
s
mℓ(mb −mu)




× 2m2ℓfP0 (s)fP+ (s)
√
λP
(m2B −m2P )
s
, (14)
NP2 = −
∣∣∣∣∣∣
GF√
2
Vub −
∑
i
λ′n3iλ
′∗
m1i
8m2
d˜iR
∣∣∣∣∣∣
2 [
fP+ (s)
]2
λP
(
1− m
2
ℓ
s
)
, (15)
where θ is the angle between the momentum of B meson and the charged lepton in the c.m.
system of ℓ-ν, and the kinematic factor λP = m
4
B +m
4
P + s
2 − 2m2Bm2P − 2m2Bs− 2m2P s.
Here, we give the definition of the normalized forward-backward (FB) asymmetry of charged
lepton [23], which is more useful from the experimental point of view,
AFB =
∫+1
0
d2B
dsdcosθ
dcosθ − ∫ 0−1 d2Bdsdcosθdcosθ∫+1
0
d2B
dsdcosθ
dcosθ +
∫ 0
−1
d2B
dsdcosθ
dcosθ
. (16)
Explicitly, for B → Pℓ−νℓ the normalized FB asymmetry is
AFB(B → Pℓ−νℓ) = N
P
1
2NP0 + 2/3N
P
2
. (17)
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2.3 The branching ratio for B(s) → V ℓ−νℓ (V = ρ,K∗)
Similarly, the expression for B → V ℓ−νℓ decay amplitude is
M 6Rp (B−u → V ℓ−νℓ) = 〈V ℓ−νℓ|H 6Rpeff(b→ uℓ−νℓ)|B−〉
=

GF√
2
Vub −
∑
i
λ′n3iλ
′∗
m1i
8m2
d˜iR

 〈V |u¯γµ(1− γ5)b|B−〉ℓmγµ(1− γ5)νℓn
+
∑
i
λinmλ
′∗
i13
4m2
ℓ˜iL
〈V |u¯(1 + γ5)b|B−〉ℓm(1− γ5)νℓn. (18)
In terms of the B → V form factors [22]
cV 〈V (p, ε∗)|u¯γµ(1− γ5)b|B(pB)〉 =
2V V (s)
mB +mV
ǫµναβε
∗νpα
B
pβ
−i
[
ε∗µ(mB +mV )A
V
1 (s)− (pB + p)µ(ε∗ · pB)
AV2 (s)
mB +mV
]
+iqµ(ε
∗ · p
B
)
2mV
s
[AV3 (s)− AV0 (s)], (19)
cV 〈V (p, ε∗)|u¯γ5b|B(pB)〉 = −i
ε∗ · p
B
mB
2mBmV
mb +mu
AV0 (s), (20)
where cV =
√
2 for ρ0, cV = 1 for ρ
−, K∗− and with the relation AV3 (s) =
mB+mV
2mV
AV1 (s) −
mB−mV
2mV
AV2 (s), we have
dB 6Rp (B → V ℓ−νℓ)
ds dcosθ
=
τ
B
√
λV
27π3m3Bc
2
V
(
1− m
2
ℓ
s
)2 [
NV0 +N
V
1 cosθ +N
V
2 cos
2θ
]
, (21)
NV0 =
∣∣∣∣∣∣
GF√
2
Vub −
∑
i
λ′n3iλ
′∗
m1i
8m2
d˜iR
∣∣∣∣∣∣
2{[
AV1 (s)
]2( λV
4m2V
+ (m2ℓ + 2s)
)
(mB +mV )
2
+
[
AV2 (s)
]2 λ2V
4m2V (mB +mV )
2
+
[
V V (s)
]2 λV
(mB +mV )2
(m2ℓ + s)
−AV1 (s)AV2 (s)
λV
2m2V
(m2B − s−m2V )
}
+
∣∣∣∣∣∣
GF√
2
Vub −
∑
i
λ′n3iλ
′∗
m1i
8m2
d˜iR
+
∑
i
λinmλ
′∗
i13
4m2
ℓ˜iL
s
mℓ(mb +mu)
∣∣∣∣∣∣
2 [
AV0 (s)
]2 m2ℓ
s
λV , (22)
NV1 =


∣∣∣∣∣∣
GF√
2
Vub −
∑
i
λ′n3iλ
′∗
m1i
8m2
d˜iR
∣∣∣∣∣∣
2
+Re



GF√
2
Vub −
∑
i
λ′n3iλ
′∗
m1i
8m2
d˜iR


†∑
i
λinmλ
′∗
i13
4m2
ℓ˜iL
s
mℓ(mb +mu)




×

AV0 (s)AV1 (s)m2ℓ (mB +mV )(m2B −m2V − s)
√
λV
smV
−AV0 (s)AV2 (s)
m2ℓλ
3
2
V
smV (mB +mV )


7
+∣∣∣∣∣∣
GF√
2
Vub −
∑
i
λ′n3iλ
′∗
m1i
8m2
d˜iR
∣∣∣∣∣∣
2
AV1 (s)V
V (s) 4s
√
λV , (23)
NV2 = −
∣∣∣∣∣∣
GF√
2
Vub −
∑
i
λ′n3iλ
′∗
m1i
8m2
d˜iR
∣∣∣∣∣∣
2 (
1− m
2
ℓ
s
)
λV
{[
AV1 (s)
]2 (mB +mV )2
4m2V
+
[
V V (s)
]2 s
(mB +mV )2
+
[
AV2 (s)
]2 λV
4m2V (mB +mV )
2
−AV1 (s)AV2 (s)
m2B −m2V − s
2m2V
}
,(24)
where λV = m
4
B +m
4
V + s
2 − 2m2Bm2V − 2m2Bs− 2m2V s.
From Eq. (16), the normalized FB asymmetry of B → V ℓ−νℓ can be written as
AFB(B → V ℓ−νℓ) = N
V
1
2NV0 + 2/3N
V
2
. (25)
ForB → V ℓ−νℓ decay, besides the branching ratio and the normalized FB asymmetry of charged
lepton, another interesting observable is the ratio of longitudinal to transverse polarization of
the vector meson ΓVL/Γ
V
T , which can be derived from the following differential expressions
dΓ
6Rp
L
ds
=
√
λV
27π3m3Bc
2
V
(
1− m
2
ℓ
s
)2

∣∣∣∣∣∣
GF√
2
Vub −
∑
i
λ′n3iλ
′∗
m1i
8m2
d˜iR
∣∣∣∣∣∣
2 (
4
3
+
2m2ℓ
3s
)
×
([
AV1 (s)
]2 (m2B −m2V − s)2(mB +mV )2
4m2V
+
[
AV2 (s)
]2 λ2V
4m2V (mB +mV )
2
− AV1 (s)AV2 (s)
(m2B −m2V − s)λV
4m2V
)
+2
∣∣∣∣∣∣
GF√
2
Vub −
∑
i
λ′n3iλ
′∗
m1i
8m2
d˜iR
+
∑
i
λinmλ
′∗
i13
4m2
ℓ˜iL
s
mℓ(mb +mu)
∣∣∣∣∣∣
2 [
AV0 (s)
]2 m2ℓ
s
λV

 , (26)
dΓ
6Rp
T
ds
=
√
λV
27π3m3Bc
2
V
(
1− m
2
ℓ
s
)2 ∣∣∣∣∣∣
GF√
2
Vub −
∑
i
λ′n3iλ
′∗
m1i
8m2
d˜iR
∣∣∣∣∣∣
2
8
3
×
{[
AV1 (s)
]2
(m2ℓ + 2s)(mB +mV )
2 +
[
V V (s)
]2 λV (m2ℓ + 2s)
(mB +mV )2
}
. (27)
In this section, we give the expressions of only the exclusive b→ uℓ−νℓ decays, but we will
use the CP averaged results of the exclusive b→ uℓ−νℓ and b→ uℓ+νℓ decays in our numerical
analysis.
3 Input Parameters
The input parameters except the form factors are collected in Table I. In our numerical results,
we will use the input parameters, which are varied randomly within 1σ range.
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Table I: Default values of the input parameters and the ±1σ error ranges for the sensitive
parameters used in our numerical calculations.
m
Bs
= 5.366 GeV, m
Bd
= 5.279 GeV, m
Bu
= 5.279 GeV, m
K∗±
= 0.892 GeV,
m
π±
= 0.140 GeV, m
π0
= 0.135 GeV, mρ = 0.775 GeV, m
K±
= 0.494 GeV,
mb(mb) = (4.20± 0.07) GeV, mu(2 GeV) = 0.0015 ∼ 0.003 GeV,
me = 0.511× 10−3 GeV, mµ = 0.106 GeV, mτ = 1.777 GeV. [24]
τ
Bs
= (1.437+0.030−0.031) ps, τBd = (1.530± 0.009) ps, τBu = (1.638± 0.011) ps. [24]
f
Bu
= 0.161± 0.013 GeV. [22]
|Vub| = (4.31± 0.39)× 10−3. [25]
ǫ0 ∈ [−0.01, 0.01]. [11]
For the form factors involving the B → P (V ) transitions, we will use the recent light-
cone QCD sum rules (LCSRs) results [22], which are renewed with radiative corrections to the
leading twist wave functions and SU(3) breaking effects. For the s-dependence of the form
factors, they can be parameterized in terms of simple formulae with two or three parameters.
The form factors V V , AV0 and f
π
+ are parameterized by
F (s) =
r1
1− s/m2R
+
r2
1− s/m2fit
. (28)
For the form factors AV2 and f
K
+ , it is more appropriate to expand to second order around the
pole, yielding
F (s) =
r1
1− s/m2 +
r2
(1− s/m2)2 , (29)
where m = mfit for A
V
2 and m = mR for f
K
+ . The fit formula for A
V
1 and f
P
0 is
F (s) =
r2
1− s/m2fit
. (30)
However, Bs → K form factors are not given in LCSR results [22]. After discussions with
authors of Ref. [22], we obtain them as
FBs→K(s) = FBu,d→K(s)
(
FBs→K
∗
(s)
FBu,d→K∗(s)
)
. (31)
All the corresponding parameters for these form factors are collected in Table II.
We have several remarks on the input parameters:
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Table II: Fit for form factors involving the B → K(∗) and B → ρ(π) transitions
valid for general s [22].
F (s) F (0) r1 m
2
R r2 m
2
fit fit Eq.
V Bu,d→ρ 0.323± 0.030 1.045 5.322 −0.721 38.34 (28)
A
Bu,d→ρ
0 0.303± 0.029 1.527 5.282 −1.220 33.36 (28)
A
Bu,d→ρ
1 0.242± 0.023 0.240 37.51 (30)
A
Bu,d→ρ
2 0.221± 0.023 0.009 0.212 40.82 (29)
V Bu,d→K
∗
0.411± 0.033 0.923 5.322 −0.511 49.40 (28)
A
Bu,d→K∗
0 0.374± 0.033 1.364 5.282 −0.990 36.78 (28)
A
Bu,d→K∗
1 0.292± 0.028 0.290 40.38 (30)
A
Bu,d→K∗
2 0.259± 0.027 −0.084 0.342 52.00 (29)
V Bs→K
∗
0.311± 0.026 2.351 5.422 −2.039 33.10 (28)
ABs→K
∗
0 0.360± 0.034 2.813 5.372 −2.509 31.58 (28)
ABs→K
∗
1 0.233± 0.022 0.231 32.94 (30)
ABs→K
∗
2 0.181± 0.025 −0.011 0.192 40.14 (29)
f
Bu,d→π
+ 0.258± 0.031 0.744 5.322 −0.486 40.73 (28)
f
Bu,d→π
0 0.258± 0.031 0 0.258 33.81 (30)
f
Bu,d→K
+ 0.331± 0.041 0.162 5.412 0.173 (29)
f
Bu,d→K
0 0.331± 0.041 0 0.331 37.46 (30)
• Form factor: The uncertainties of form factors at s = 0 induced by F (0) are considered.
• CKM matrix element: Using experimental measurements of |Vub| from the inclusive b→ u
semileptonic B decays, these exclusive b → uℓ−νℓ decays can be used to constrain the
parameters of theories beyond the SM. The weak phase γ is well constrained in the SM,
however, with the presence of Rp violation, this constraint may be relaxed. We will
not take γ within the SM range, but vary it randomly in the range of 0 to π to obtain
conservative limits on RPV coupling products.
• RPV coupling: When we study the RPV effects, we consider only one RPV coupling prod-
uct contributes at one time, neglecting the interferences between different RPV coupling
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products, but keeping their interferences with the SM amplitude. We assume the masses
of sfermion are 100 GeV. For other values of the sfermion masses, the bounds on the
couplings in this paper can be easily obtained by scaling them by factor f˜ 2 ≡ ( mf˜
100 GeV
)2.
4 Numerical results in the MSSM with RPC
In this section, we study the charged Higgs contributions to the exclusive b¯→ u¯ℓ+νℓ decays in
the MSSM with RPC. Since the couplings of the charged Higgs to the leptons are always pro-
portional to the charged lepton masses (see the foregoing equations), it is easily to understand
that the effects of the charged Higgs will not significantly affect in the case of the light leptonic
decays, so we only present the charged Higgs contributions to the exclusive b¯→ u¯τ+ντ decays.
Based on the constraint of the charged Higgs effects from the measurement on B(B+ → τ+ντ ),
we investigate these effects on B, dB/ds, AFB and ΓVL/ΓVT in the exclusive b¯→ u¯τ+ντ semilep-
tonic decays.
Note that the charged Higgs effects on the exclusive b¯→ u¯τ+ντ decays have been discussed
in Ref. [26], which fixed tanβ = 50 and let physical quantity as a function of mH . Here we
will not choose tan β as a fixed value but let observable as a function of tan β and mH to study
the effects of tanβ and mH . In addition, we will investigate the charged Higgs contributions
to ΓVL/Γ
V
T , which has not been studied yet. For the exclusive b¯ → u¯τ+ντ decays, the purely
leptonic decay B+u → τ+ντ has been measured by BABAR [27] and Belle [28]. We will use the
averaged experimental data from Heavy Flavor Averaging Group [25]
B(B+u → τ+ντ ) = (1.41+0.43−0.42)× 10−4. (32)
Using the experimental data of B(B+u → τ+ντ ) varied randomly within 1σ range and consid-
ering the theoretical uncertainties, we constrain the allowed range of tan β/mH , which is shown
in Fig. 3(a). The corresponding bound from the upper limit of B(B+u → µ+νµ) < 1.7 × 10−6
is also displayed in Fig. 3(b), in which the bound is weaker than one from B(B+u → τ+ντ ).
At present, the most stringent bound comes from B+u → τ+ντ . The numerical ranges of
tan β/mH without the radiative corrections (ǫ0 = 0) and with inclusion of radiative correc-
tions (ǫ0 ∈ [−0.01, 0.01]) are given in Table III. In Ref. [29], from the experimental upper
limit of B(B+u → τ+ντ ) < 4.1 × 10−4, the authors got tanβ/mH = 0.34(0.36, 0.32) GeV−1
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Figure 3: The allowed regions in the tan β-mH plane for different values of ǫ0. Plot (a) is
constrained from the experimental date of B(B+u → τ+ντ ), and plot (b) is constrained from the
upper limit of B(B+u → µ+νµ).
Table III: The allowed ranges of tan β/mH from B(B+u → τ+ντ ) and B(B+u → µ+νµ).
ǫ0 = 0 ǫ0 ∈ [−0.01, 0.01]
tan β/mH from B(B+u → τ+ντ ) [0.26,0.31] GeV−1 [0.18,0.49] GeV−1
tanβ/mH from B(B+u → µ+νµ) [0.20,0.34] GeV−1 [0.15,0.57] GeV−1
for f
Bu
= 0.2(0.17, 0.23) GeV with ǫ0 = 0. Our bounds on tan β/mH , from new data of
B(B+u → τ+ντ ) and with considering all theoretical uncertainties, are much stronger than
theirs, as shown in Table III.
Using the constrained tan β/mH from B(B+u → τ+ντ ), one can predict the charged Higgs
effects on the semileptonic decays B+u → π0τ+ντ , B0d → π−τ+ντ , B0s → K−τ+ντ , B+u → ρ0τ+ντ ,
B0d → ρ−τ+ντ and B0s → K∗−τ+ντ . With the expressions for B and ΓVL/ΓVT at hand, we perform
a scan on the input parameters and the newly constrained tan β/mH. Then, the allowed ranges
for B and ΓVL/ΓVT are obtained including the charged Higgs contributions, which satisfy present
experimental constraint of B(B+u → τ+ντ ) shown in Eq. (32). Our numerical results are
summarized in Table VI, in which we find that the charged Higgs contributions could slightly
reduce B(B → P (V )τντ ) and ΓLΓT (B → V τ+ντ ).
Now, we present correlations between the physical observables and the charged Higgs effects
by the two-dimensional scatter plots, and moreover, we give the SM predictions for comparison.
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Table VI: The theoretical predictions of the exclusive b→ uτ+ντ decays
for B(×10−4) and ΓVL/ΓVT in the SM and in the MSSM with RPC.
SM value MSSM value w/ RPC
B(B+u → π0τ+ντ ) [0.58, 1.22] [0.43, 0.96]
B(B0d → π−τ+ντ ) [1.12, 2.28] [0.80, 1.79]
B(B0s → K−τ+ντ ) [1.47, 3.05] [1.02, 2.37]
B(B+u → ρ0τ+ντ ) [0.97, 2.19] [0.83, 2.02]
B(B0d → ρ−τ+ντ ) [1.83, 4.08] [1.56, 3.78]
B(B0s → K∗−τ+ντ ) [2.08, 4.46] [1.64, 4.06]
ΓL
ΓT
(B+u → ρ0τ+ντ ) [0.65, 1.19] [0.45, 1.03]
ΓL
ΓT
(B0d → ρ−τ+ντ ) [0.65, 1.19] [0.45, 1.03]
ΓL
ΓT
(B0s → K∗−τ+ντ ) [0.84, 1.38] [0.58, 1.11]
The charged Higgs effects on B+u → π0τ+ντ , B0d → π−τ+ντ and B0s → K−τ+ντ are very similar
to each other, therefore we will take B0d → π−τ+ντ decay as an example. For the same reason,
we will only display the charged Higgs effects on B0d → ρ−τ+ντ among other three decay
modes B+u → ρ0τ+ντ , B0d → ρ−τ+ντ and B0s → K∗−τ+ντ . The charged Higgs effects on
B0d → π−(ρ−)τ+ντ decays are shown in Fig. 4.
From Fig. 4(a-c), we can see that B(B0d → π−τ+ντ ), B(B0d → ρ−τ+ντ ) and ΓLΓT (B0d →
ρ−τ+ντ ) are not much sensitive to the change of tanβ/mH , but the charged Higgs contributions
can slightly reduce these quantities. As shown in Fig. 4(d-g), the charged Higgs have also
reducing effects on dB/ds and AFB. Especially, the sign of AFB(B0d → π−τ+ντ ) could be
changed by the effect. According to Eqs. (12)-(17), since the normalized FB asymmetry of
B → Pℓ+νℓ is associated with m2ℓfP0 (s)fP+ (s) and not suppressed by s, we can easily understand
that AFB(B0d → π−τ+ντ ) shown in Fig. 4(f) could be significantly affected by the charged
Higgs couplings. Therefore, AFB(B → Pτ+ντ ) are very powerful quantities to be measured, to
constrain the charged Higgs effects in the MSSM with RPC.
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Figure 4: The charged Higgs effects on B0d → π−(ρ−)τ+ντ decays in the MSSM with RPC. B
and dB/ds are in unit of 10−4.
5 Numerical results in the RPV MSSM
5.1 The exclusive b¯→ u¯τ+ντ decays
There are two RPV coupling products, λ′∗33iλ
′
31i and λ
∗
i33λ
′
i13, contributing to seven exclusive
b → uτ+ντ decay modes, B+u → τ+ντ , B+u → π0τ+ντ , B0d → π−τ+ντ , B0s → K−τ+ντ , B+u →
ρ0τ+ντ , B
0
d → ρ−τ+ντ and B0s → K∗−τ+ντ . We use the experimental data of B(B+u → τ+ντ ),
which is varied randomly within 1σ range to constrain the two RPV coupling products. Our
bounds on the two RPV coupling products are demonstrated in Fig. 5, in which we find that
every RPV weak phase is not much constrained, but the modulus of the relevant RPV coupling
products can be tightly upper limited. The upper limits for the relevant RPV coupling products
are summarized in Table V. Note that the bounds on the direct quadric couplings have not
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Figure 5: The allowed parameter spaces for the relevant RPV coupling products constrained
by the experimental data of B(B+u → τ+ντ ).
Table V: Bounds for the relevant RPV coupling prod-
ucts by B+u → τ+ντ decay for 100 GeV sfermions.
Couplings Bounds [Processes]
|λ′∗33iλ′31i| ≤ 7.28× 10−3 [B+u → τ+ντ ]
|λ∗i33λ′i13| ≤ 9.65× 10−4 [B+u → τ+ντ ]
been estimated in previous b¯ → u¯τ+ντ studies. Our bounds on the RPV quadric couplings
from B+u → τ+ντ are weaker than the bounds, which are calculated from the products of the
smallest values of two single couplings in [30, 31].
Using the constrained parameter spaces shown in Fig. 5, we will predict the RPV effects
on other quantities which have not been measured yet in the exclusive b→ uτ+ντ decays. The
allowed ranges for B and ΓVL/ΓVT are obtained with the different RPV coupling products, which
are summarized in Table VI. We can find some salient features of the numerical results listed
in Table VI.
1© The contributions of λ′∗33iλ′31i due to squark exchange will little enhance the branching
ratios B(B → Pτ+ντ ) and B(B → V τ+ντ ). Because the effective Hamiltonian of squark
exchange is proportional to operator (b¯γµ(1− γ5)u)(ντγµ(1− γ5)τ), which is the same as
the SM one, the effects of squark exchange are completely canceled in ΓL
ΓT
(B → V τ+ντ ).
2© As for the contributions of λ∗i33λ′i13 due to slepton exchange, the slepton exchange coupling
has not obvious effects on B(B → P (V )τ+ντ ), but the allowed ranges of ΓLΓT (B → V τ+ντ )
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Table VI: The theoretical predictions of the exclusive b→ uτ+ντ decays for B(×10−4) and
ΓVL/Γ
V
T in the SM and the RPV MSSM. The RPV MSSM predictions are obtained by the
constrained regions of the different RPV coupling products.
SM value MSSM value w/ λ′∗33iλ
′
31i MSSM value w/ λ
∗
i33λ
′
i13
B(B+u → π0τ+ντ ) [0.58, 1.22] [0.78, 2.47] [0.49, 1.30]
B(B0d → π−τ+ντ ) [1.12, 2.28] [1.45, 4.59] [0.91, 2.41]
B(B0s → K−τ+ντ ) [1.47, 3.05] [1.92, 5.91] [1.18, 3.35]
B(B+u → ρ0τ+ντ ) [0.97, 2.19] [1.42, 4.07] [0.89, 2.17]
B(B0d → ρ−τ+ντ ) [1.83, 4.08] [2.64, 7.57] [1.65, 4.04]
B(B0s → K∗−τ+ντ ) [2.08, 4.46] [2.85, 9.62] [1.96, 4.57]
ΓL
ΓT
(B+u → ρ0τ+ντ ) [0.65, 1.19] · · · · · · [0.47, 1.22]
ΓL
ΓT
(B0d → ρ−τ+ντ ) [0.65, 1.19] · · · · · · [0.47, 1.22]
ΓL
ΓT
(B0s → K∗−τ+ντ ) [0.84, 1.38] · · · · · · [0.68, 1.41]
can be enlarged by this coupling, especially, their allowed lower limits are observably
decreased.
For each RPV coupling product, we can present the correlations of B and ΓVL/ΓVT within
the constrained parameter space displayed in Fig. 5 by the three-dimensional scatter plots.
The differential branching ratio dB/ds and the normalized FB asymmetry AFB can be shown
by the two-dimensional scatter plots. The RPV coupling λ′∗33iλ
′
31i or λ
∗
i33λ
′
i13 contributions to
B+u → π0(ρ0)τ+ντ , B0d → π−(ρ−)τ+ντ and B0s → K−(K∗−)τ+ντ are also very similar to each
other. So we will take an example for B0d → π−(ρ−)τ+ντ decay to illustrate the RPV coupling
effects. The effects of the RPV couplings λ′∗33iλ
′
31i and λ
∗
i33λ
′
i13 on B
0
d → π−(ρ−)τ+ντ decays are
shown in Fig. 6 and Fig. 7, respectively.
Now we turn to discuss plots of Fig. 6 in detail. The three-dimensional scatter plots
Figs. 6(a-b) show B(B0d → π−(ρ−)τ+ντ ) correlated with |λ′∗33iλ′31i| and its phase φ 6Rp . We
also give projections to three perpendicular planes, where the |λ′∗33iλ′31i|-φ 6Rp plane displays the
constrained regions of λ′∗33iλ
′
31i, as the first plot of Fig. 5. It’s shown that B(B0d → π−(ρ−)τ+ντ )
has some sensitivity to |λ′∗33iλ′31i| on the B(B0d → π−(ρ−)τ+ντ )-|λ′∗33iλ′31i| plane. However, from
the B(B0d → π−(ρ−)τ+ντ )-φ 6Rp plane, we see that B(B0d → π−(ρ−)τ+ντ ) is very insensitive to
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Figure 6: The effects of RPV coupling λ′∗33iλ
′
31i on B
0
d → π−(ρ−)τ+ντ decays. B and dB/ds are
in unit of 10−4.
Figure 7: The effects of RPV coupling λ∗i33λ
′
i13 on B
0
d → π−(ρ−)τ+ντ decays. B and dB/ds are
in unit of 10−4.
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|φ 6Rp |. As shown in Fig. 6(e-f), AFB(B0d → π−τ+ντ ) and AFB(B0d → ρ−τ+ντ ) are not obviously
affected by squark exchange coupling λ′∗33iλ
′
31i, too. In Fig. 6(c-d), the λ
′∗
33iλ
′
31i contributions
to dB(B0d → π−(ρ−)τ+ντ )/ds are possibly distinguishable from the SM expectations at all s
regions.
Fig. 7 illustrates the λ∗i33λ
′
i13 contributions to B
0
d → π−(ρ−)τ+ντ decays. B(B0d → π−τ+ντ ),
B(B0d → ρ−τ+ντ ) and ΓLΓT (B0d → ρ−τ+ντ ) are all decreasing with |λ∗i33λ′i13|, as shown in Fig.
7(a-c). From Fig. 7(f-g), the effect of λ∗i33λ
′
i13 could allow that AFB(B0d → π−τ+ντ ) and
AFB(B0d → ρ−τ+ντ ) have smaller values and, especially, the sign of AFB(B0d → π−τ+ντ ) could
be changed by the effect. There is similar reason for significant effects of slepton exchange on
AFB(B → Pτ+ντ ) as Fig. 4(f), i.e. the normalized FB asymmetry is not suppressed by m2ℓ and
s. The different effects between the charged Higgs and slepton exchange on AFB(B → Pτ+ντ ),
shown in Fig. 4(f) and Fig. 7(f), come from the RPV weak phase φ 6Rp and the CKM weak phase
γ. The weak phases contribute only to the RPV MSSM predictions of AFB(B → Pτ+ντ ).
5.2 The exclusive b→ uℓ′νℓ′ (ℓ′ = µ or e) decays
For the exclusive b → uℓ′νℓ′ decays, several branching ratios have been accurately measured
by BABAR, Belle and CLEO [32, 33, 34, 35, 36, 37]. Their averaged values from PDG [24]
and corresponding SM prediction values are given in Table VII. The experimental results are
roughly consistent with the SM predictions, nevertheless there are still windows for NP in these
Table VII: The experimental data for the exclusive b→ uℓ′+νℓ′ decays [24, 32, 33, 34, 35, 36, 37]
and corresponding SM predictions.
Experimental data SM value for ℓ′ = µ SM value for ℓ′ = e
B(B+u → µ+νµ) < 1.7× 10−6 90% C.L. [2.69, 5.30]× 10−7
B(B+u → e+νe) < 9.8× 10−7 90% C.L. [6.28, 12.46]× 10−12
B(B+u → π0ℓ′+νℓ′) (0.75± 0.09)× 10−4 [0.76, 1.75]× 10−4 [0.75, 1.75]× 10−4
B(B0d → π−ℓ′+νℓ′) (1.41± 0.08)× 10−4 [1.41, 3.25]× 10−4 [1.40, 3.27]× 10−4
B(B+u → ρ0ℓ′+νℓ′) (1.28± 0.18)× 10−4 [1.49, 4.32]× 10−4 [1.48, 4.45]× 10−4
B(B0d → ρ−ℓ′+νℓ′) (2.2± 0.4)× 10−4 [2.78, 8.02]× 10−4 [2.77, 8.32]× 10−4
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Figure 8: The allowed parameter spaces for the relevant RPV coupling products constrained
by the measurements of the exclusive b→ uℓ′+νℓ′ decays listed in Table VII.
processes. Because many branching ratios have been accurately measured, in order to easily
obtain the solution of the RPV coupling products, we will use the experimental data given in
Table VII, which are varied randomly within 2σ range to constrain the RPV coupling products.
Four RPV coupling products λ′∗23iλ
′
21i, λ
∗
i22λ
′
i13 for ℓ
′ = µ and λ′∗13iλ
′
11i, λ
∗
i11λ
′
i13 for ℓ
′ = e
are related to fourteen exclusive b → uℓ′+νℓ′ decay modes. We use B(B+u → ℓ′+νℓ′), B(B0d →
π−(ρ−)ℓ′+νℓ′), B(B+u → π+(ρ+)ℓ′+νℓ′) and their experimental data listed in Table VII to restrict
the relevant RPV parameter spaces. The random variation of the parameters subjected to the
constraints as discussed above leads to the scatter plots displayed in Fig. 8. In Fig. 8, the
RPV weak phases of the slepton exchange couplings λ∗i22λ
′
i13 and λ
∗
i11λ
′
i13 have the entirely
allowed ranges [−180◦, 180◦], but for every RPV weak phase of the squark exchange couplings
λ′∗23iλ
′
21i and λ
′∗
13iλ
′
11i, there are two possible bands. For λ
′∗
23iλ
′
21i, one band of its phase is
φ 6Rp ∈ [−180◦,−129◦], another is φ 6Rp ∈ [−61◦, 180◦]. And for λ′∗13iλ′11i, one band is φ 6Rp ∈
[−180◦,−129◦], another is φ 6Rp ∈ [−56◦, 180◦]. The magnitudes of the squark and slepton
exchange couplings have been upper limited. The upper limits are summarized in Table VIII.
Compared with the existing bounds [30, 31, 38], which are estimated from the products of the
smallest values of two single couplings, we get quite strong quadric bounds on |λ∗i22λ′i13| and
|λ∗i11λ′i13|, due to the slepton exchange couplings.
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Table VIII: Bounds for the relevant RPV coupling products by
the exclusive b → uℓ′+νℓ′ decays for 100 GeV sfermions, and
previous bounds are listed for comparison [30, 31, 38].
Couplings Bounds [Processes] Previous bounds
|λ′∗23iλ′21i| ≤ 5.44× 10−3 [B
+
u→µ+νµ
B→M ′µ+νµ ] ≤ 2.64× 10−3
|λ∗i22λ′i13| ≤ 7.00× 10−5 [B
+
u→µ+νµ
B→M ′µ+νµ ] ≤ 3.24× 10−3
|λ′∗13iλ′11i| ≤ 5.49× 10−3 [B
+
u→e+νe
B→M ′e+νe] ≤ 5.4× 10−3
|λ∗i11λ′i13| ≤ 3.88× 10−5 [B
+
u→e+νe
B→M ′e+νe]
≤2.89×10−3 (i=2)
≤6.82×10−3 (i=3)
Using the constrained parameter spaces shown in Fig. 8, we predict the RPV effects on
other quantities which have not been measured yet in the exclusive b → uℓ′+νℓ′ decays. Our
predictively numerical results are summarized in Table IX. Because the RPV effects on the
Table IX: The theoretical predictions for CP averaged B and ΓVL/ΓVT of the exclusive b → uℓ′+νℓ′
decays in the SM and the RPV MSSM. The RPV MSSM predictions are obtained by the constrained
regions of the different RPV coupling products. The index g = 1 and 2 for ℓ′ = e and µ, respectively.
SM value MSSM value w/ λ′∗g3iλ
′
g1i MSSM value w/ λ
∗
iggλ
′
i13
B(B+u → µ+νµ) [2.69, 5.30] × 10−7 [1.55, 3.64] × 10−7 [0.03, 16.98] × 10−7
B(B0s → K−µ+νµ) [1.98, 4.81] × 10−4 [1.14, 3.07] × 10−4 [2.00, 3.45] × 10−4
B(B0s → K∗−µ+νµ) [3.17, 8.99] × 10−4 [1.99, 5.14] × 10−4 [3.17, 6.43] × 10−4
ΓL
ΓT
(B+u → ρ0µ+νµ) [0.49, 1.52] · · · · · · [0.54, 0.66]
ΓL
ΓT
(B0d → ρ+µ+νµ) [0.49, 1.52] · · · · · · [0.54, 0.66]
ΓL
ΓT
(B0s → K∗−µ+νµ) [0.68, 1.70] · · · · · · [0.71, 1.63]
B(B+u → e+νe) [6.26, 12.37] × 10−12 [3.49, 8.60] × 10−12 [6.26 × 10−12, 9.8× 10−7]
B(B0s → K−e+νe) [1.99, 4.78] × 10−4 [1.15, 3.07] × 10−4 [2.01, 3.43] × 10−4
B(B0s → K∗−e+νe) [3.19, 8.96] × 10−4 [1.89, 5.22] × 10−4 [3.29, 6.41] × 10−4
ΓL
ΓT
(B+u → ρ0e+νe) [0.48, 1.53] · · · · · · [0.53, 0.66]
ΓL
ΓT
(B0d → ρ+e+νe) [0.48, 1.53] · · · · · · [0.53, 0.66]
ΓL
ΓT
(B0s → K∗−e+νe) [0.69, 1.68] · · · · · · [0.73, 1.67]
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exclusive b→ uµ+νµ and b→ ue+νe are quite similar, as shown in Table IX, here we give their
remarks altogether:
1© For the squark exchange couplings λ′∗g3iλ′g1i, their effects can decrease the upper limits
and lower limits of B(B+u → ℓ′+νℓ′), B(B0s → K−ℓ′+νℓ′) and B(B0s → K∗−ℓ′+νℓ′), as well
as shrink the allowed ranges of these branching ratios. The squark exchange effects are
completely canceled in ΓL
ΓT
(B → V ℓ′+νℓ′).
2© The slepton exchange couplings λ∗iggλ′i13, which satisfy all present experimental con-
straints, could significantly change the purely leptonic decay branching ratios B(B+u →
ℓ′+νℓ′): They could enhance the ratios to their experimental upper limits. B(B+u → µ+νµ)
could be suppressed to 10−9 or enhanced to order of 10−6, and B(B+u → e+νe) could be
enhanced 5 orders from order of 10−12 to order of 10−7. The reason of these signif-
icant effects on B(B+u → ℓ′+νℓ′) is that the SM effective Hamiltonian is proportional
to (b¯γµ(1 − γ5)u)(νℓ′γµ(1 − γ5)ℓ′), whose contribution to B(B+u → ℓ′+νℓ′) is suppressed
by m2ℓ′ due to helicity suppression, while the effective Hamiltonian of slepton exchange
is proportional to (b¯(1 − γ5)u)(νℓ′(1 + γ5)ℓ′), whose contribution is not suppressed by
m2ℓ′ . Therefore, compared with the SM contribution, the slepton exchange couplings have
great effects on B(B+u → ℓ′+νℓ′). The allowed ranges of B(B0s → K−(K∗−)ℓ′+νℓ′) and
ΓL
ΓT
(B → V ℓ′+νℓ′) are shrunken by λ∗iggλ′i13 couplings.
Figs. 9-10 show the RPV contributions in the b → uµ+νµ decays. We view that the
trends in the changes of the physical observables with the modulus and weak phase φ 6Rp of the
RPV couplings by the three-dimensional scatter plots, and we also compare the SM predictions
with the RPV MSSM predictions in dB/ds and AFB by the two-dimensional scatter plots.
Fig. 9 displays the λ′∗23iλ
′
21i effects due to the squark exchange couplings on the exclusive b¯ →
u¯µ+νµ decays. From Fig. 9(d-e), we find the contributions of λ
′∗
23iλ
′
21i can suppress dB(B0s →
K−µ+νµ)/ds and dB(B0s → K∗−µ+νµ)/ds, so their contributions are easily distinguishable
from the SM predictions with theoretical uncertainties included. However, these contributions
to other observables are small, and we cannot find visible effects on B(B+u → µ+νµ), B(B0s →
K−µ+νµ), B(B0s → K∗−µ+νµ), AFB(B0s → K−µ+νµ) and AFB(B0s → K∗−µ+νµ). Fig. 10
presents the λ∗i22λ
′
i13 effects due to the slepton exchange couplings on the exclusive b¯→ u¯µ+νµ
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Figure 9: The effects of RPV coupling λ′∗23iλ
′
21i on the exclusive b¯ → u¯µ+νµ decays. B and
dB/ds of the semileptonic decays are in unit of 10−4, and B(B+u → µ+νµ) is in unit of 10−7.
decays. The three-dimensional scatter plot Fig. 10(a) shows B(B+u → µ+νµ) correlated with
|λ∗i22λ′i13| and its phase φ 6Rp , so we can see that B(B+u → µ+νµ) is greatly increased with
|λ∗i22λ′i13|, but is insensitive to φ 6Rp . From Fig. 10(i), we find λ∗i22λ′i13 coupling contributions
to AFB(B0s → K−µ+νµ) are possibly large. There are not obvious λ∗i22λ′i13 coupling effects,
overlapping with the SM results in B(B0s → K−µ+νµ), B(B0s → K∗−µ+νµ), ΓLΓT (B → V µ+νµ),
dB(B0s → K−µ+νµ)/ds, dB(B0s → K∗−µ+νµ)/ds and AFB(B0s → K∗−µ+νµ).
For the exclusive b → ue+νe decays, the effects of λ∗i11λ′i13 on AFB(B0s → K−e+νe) can
be distinguishible from the SM prediction, but both the SM prediction and the RPV MSSM
prediction are too small to be accessible at LHC.
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Figure 10: The effects of RPV coupling λ∗i22λ
′
i13 on the exclusive b¯ → u¯µ+νµ decays. B and
dB/ds of the semileptonic decays are in unit of 10−4, and B(B+u → µ+νµ) is in unit of 10−7.
6 Summary
In this paper, we have studied the 21 decay channels B+u → ℓ+νℓ, B+u → π0ℓ+νℓ, B0d → π−ℓ+νℓ,
B0s → K−ℓ+νℓ, B+u → ρ0ℓ+νℓ, B0d → ρ−ℓ+νℓ and B0s → K∗−ℓ+νℓ (ℓ = τ, µ, e) in the MSSM
with and without Rp violation. Considering the theoretical uncertainties and the experimental
errors, we have obtained fairly constrained parameter spaces of new physics coupling constants
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from the present experimental data. Furthermore, we have predicted the charged Higgs effects
and the RPV effects on the branching ratios, the normalized FB asymmetries of charged leptons
and the ratios of longitudinal to transverse polarization of the vector mesons, which have not
been measured or have not been well measured yet.
We have found that both the charged Higgs coupling and the slepton exchange coupling
λ∗i33λ
′
i13 have significant effects on AFB(B → Pτ+ντ ), and the sign of AFB(B → Pτ+ντ ) could
be changed by these effects. The charged Higgs effects and the slepton exchange coupling
effects are distinguishable in the purely leptonic B+u → µ+νµ, e+νe decays. The charged Higgs
coupling has negligible effects on B(B+u → µ+νµ) and B(B+u → e+νe), but the slepton exchange
contributions of the RPVMSSM are very sensitive to B(B+u → µ+νµ) and B(B+u → e+νe). If the
enhancement of branching ratios is not discovered in B+ → µ+νµ, e+νe decays, the new limits
from future experiments would constrain the slepton exchange couplings. Otherwise, it would
imply that RPV effects is likely to be seen. We have also compared the SM predictions with the
RPV predictions of dB/ds and AFB in B → P (V )ℓ+νℓ decays. We have found that the RPV
couplings due to squark exchange are in principle distinguishable from the SM contributions
at all kinematic regions in all eighteen semileptonic dB/ds. The results in this paper could
be useful for probing the charged Higgs effects and the RPV MSSM effects, and will correlate
strongly with searches for the direct SUSY signals at future experiments, for example, LHC
and Super-B Factories.
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